Hybrid microfluidic cartridge formed by irreversible bonding of SU-8 and PDMS for multi-layer flow applications  by Talaei, S. et al.
Available online at www.sciencedirect.com
 
 
Procedia 
Chemistry  
www.elsevier.com/locate/procedia
 
Proceedings of the Eurosensors XXIII conference 
Hybrid microfluidic cartridge formed by irreversible bonding of  
SU-8 and PDMS for multi-layer flow applications 
S. Talaei*, O. Frey, P. D. van der Wal, N. F. de Rooij, M. Koudelka-Hep 
Ecole Polytechnique Fédérale de Lausanne (EPFL), IMT, Sensors, Actuators and Microsystems Laboratory 
Rue Jaquet-Droz 1, 2000 Neuchâtel, Switzerland 
 
 
Abstract 
SU-8 and polydimethylsiloxane (PDMS) are both transparent materials with properties very convenient for rapid 
prototyping of microfluidic systems. However, previous efforts of combining these two materials failed due to poor 
adhesion between them. Herein, we introduce a promising low-temperature technique (< 100 °C) to irreversibly 
bond two or more structured layers of SU-8 and PDMS to create hybrid stacks. This offers new possibilities in 
design and fabrication of enclosed three-dimensional microstructures and microchannels with simple soft-
lithography techniques. The potential of this method is demonstrated by the fabrication of a new version of our 
microfluidic sensor cartridge that was reported recently1. 
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1. Introduction 
1.1. Motivation 
There is a general interest in increasing the complexity of microfluidic systems towards lab-on-chip applications 
while keeping fabrication processes simple, rapid and at low cost. PDMS and SU-8 are two of the main materials 
used in rapid production/prototyping of disposable microfluidic devices for medical and pharmaceutical 
applications. SU-8 is a photosensitive epoxy resin well suitable for rapid fabrication of microchannels with a good 
aspect ratio to form vertical sidewalls, while PDMS with its good elastomeric properties is highly convenient for 
easy and inexpensive rapid prototyping of microchannels with replica molding.  
One of the main issues in fabrication of microfluidic devices is forming closed microchannels. Creating 
embedded microchannels is typically carried out by bonding two structured layers or applying sacrificial etching2. 
As an example of the first technique, bonding SU-8 to SU-8 surfaces has been investigated in 2005 by Tuomikoski3 
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et al. who used SU-8 itself as an adhesive bonding material. Clogging of channels and deformation or step changes 
at the interface of layers, are well known problems that can occur using such methods. In the second technique, 
selectively etching away the implemented sacrificial materials to define a microchannel is difficult. Especially, for 
long and complex microfluidic systems, in most of the cases the removal of these materials is incomplete, 
inhomogeneous and/or leads to rough channel side-walls.  
Herein, we introduce a novel method for sealing SU-8 to PDMS which can be incorporated into a wide variety of 
creative microstructure designs. Jeon4 et al. in 2004 reported that they had used a technique comprising plasma 
cleaning of both SU-8 and PDMS surfaces for obtaining a strong adhesion. However, we observed that this method 
does not work for freshly prepared SU-8 structures, and aging of SU-8 has a strong influence on the quality of the 
bonding. Our proposed method involves a gas-phase silanization step of SU-8, plasma treatment of PDMS, joining 
the layers and heating under slight pressure. This new and practical solution of bonding SU-8 and PDMS layers is 
demonstrated fabricating a cartridge for continuous monitoring of glucose as we reported earlier1.  
 
1.2. Microfluidic cartridge 
The previously presented continuous-flow biosensor1 consists of a microfluidic cartridge designed to direct two 
parallel streams of liquid (sample and buffer solution) continuously via a single microchannel towards a biosensor 
(in this example for measuring glucose via the amperometric detection of hydrogen peroxide). The buffer solution 
(phosphate buffer saline or PBS) acts as a sheet-flow introduced beneath the sample flow to limit the diffusion of 
glucose molecules towards the electrode. This fluid layer forms a dynamic diffusion layer, controlled by the flow-
rates. Increasing the flow-rate of PBS leads to a thicker diffusion layer; thus, giving a lower signal but increasing the 
linear range of the biosensor. For directing the two different streams in parallel layers, the lower microfluidic 
channel is patterned in SU-8 on a glass substrate and the upper one in PDMS (Fig. 1). In the previous version of the 
cartridge, we needed a polycarbonate chip-holder to keep the two parts together without leakage. The presented 
bonding technique offers strong irreversible sealing of the PDMS/SU8 layers and makes the chip-holder obsolete.  
 
       
 
Fig. 1. Schematic layout of the fabricated cartridge; (a) Top view (b) Cross-section along the line AA'. PBS is pumped through the microfluidic 
channel structured in SU-8 on glass, and joins the sample flow in the microfluidic channel patterned in PDMS. From the junction point, the two 
liquids flow in two separated parallel layers, one on top of the other (laminar flow-condition). 
 
2. Experimental 
SU-8 (Microchem Corporation) and PDMS (Dow-corning Sylgard 184 part A and B mixed in a ratio of 10:1) 
structures are patterned through standard fabrication procedures and then cleaned thoroughly using isopropanol 
alcohol, rinsed with DI-water and dried with a stream of nitrogen. The SU-8 films are then modified with 3-
aminopropyltriethoxysilane (APS) 99% (Sigma-Aldrich) by vapor phase silanization for two hours in a closed 
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chamber (Fig. 2a). Subsequently, PDMS surfaces are activated by oxygen-plasma (400W, 15 seconds; Fig. 2b). The 
treated surfaces of SU-8 and PDMS are aligned with respect to each other and brought into contact (Fig. 2c). 
Complete sealing is achieved by placing them on a hot-plate for 10 minutes at 70 ºC while applying a slight force of 
30-60 N.  
 
 
 
Fig. 2. Bonding process; (a) SU-8 silanization; (b) PDMS plasma treatment; (c) Alignment and heating on a hot-plate with a small pressure from 
the top (30-60 N); (d) The bonded layers after cooling down to room temperature. 
 
3. Results and discussion 
Fig. 3a shows the glass substrate with four platinum electrodes and the patterned SU-8. The dashed line 
represents the outline of the patterned SU-8. The PDMS structured layer comprising the continuous-flow channel is 
shown in Fig. 3b. Fig. 3c shows the microfluidic cartridge after sealing of the two layers. Strong, homogeneous and 
irreversible bonding between SU-8 and PDMS is achieved. No liquid leakage occurs, and attempts to separate the 
layers leads to breakage of the cartridge. It is observed that the age of SU-8 or PDMS does not affect the quality of 
the bonding. Moreover, there is no deformation or step change at the interface.  
The response of the biosensor to different glucose concentrations is presented in Fig. 4a. Before applying the 
sheet-flow, the linear response range is limited to a concentration of 2 mM. With the sheet flow the linear region 
could be increased substantially. The blue, red, and green curves in Fig. 4b are calibration curves corresponding to a 
sheet flow of respectively 0, 30 and 65 μl/min, with a sample flow of 100 μl/min. The linear region increases from 2 
to at least 15 mM.  
 
 
                                           (a) 
 
 
                                                  (b)                                                                         
 
  (c) 
                                 
Fig. 3. The hybrid microfluidic cartridge; (a) and (b) show the SU-8 and the PDMS structured layers respectively before sealing; (c) The device 
after bonding SU-8 to PDMS. The schematic layout of this cartridge is shown in Fig.1.  
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Fig. 4. (a) Typical biosensor response towards glucose measured with the microfluidic cartridge, without applying the PBS sheet flow. The 
sample is pumped at the flow-rate of 400 µl/min (b) Calibration curves of glucose sensor at different flow rates of PBS (0, 30 and 65 µl/min) with 
sample fixed at 100 μl/min.   
 
4. Conclusions 
The use of a silanization step with APS followed by plasma treatment of the PDMS, joining and heating at 70 °C, 
gave excellent results for creating a strong irreversible bonding between SU-8 and PDMS. The ability of binding 
these two materials opens up the opportunities for new designs of transparent microstructures and microchannels in 
disposable microfluidic devices. This simple low-cost method which can be carried out at low temperature is 
appropriate to be broadly utilized for rapid and batch production of medical and pharmaceutical devices. The 
successful application of this technique is demonstrated in fabrication of a biomedical cartridge typical of 
microfluidic system. This device, which is fabricated for detecting glucose in a continuous liquid sample, is 
designed with a very user-friendly performance for adjusting the linear response range by controlling the flow-rate 
of a sheet-flow (PBS flow) directed beneath the sample. 
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